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DYNAMIC DEMODULATOR SELECTION
BASED ON CHANNEL QUALITY

This application claims the benefit of U.S. Provisional
Application No. 60/847,191, filed Sep. 26, 2006, the entire 53
content of which is incorporated herein by reference.

TECHNICAL FIELD

This disclosure relates to wireless communication and, 1o
more particularly, to demodulation of wireless signals.

BACKGROUND

A wide variety of wireless communication techniques have 15
been developed to facilitate wireless telecommunication. The
wireless communication techmques include code division
multiple access (CDMA), frequency division multiple access
(FDMA), time division multiple access (ITDMA), and
orthogonal frequency division multiplexing (OFDM). The »g
above wireless communication techniques may be delivered
according to any ol a variety of radio access technologies,
such as Global System for Mobile Commumnications (GSM),
CDMA 2000, wideband CDMA (W-CDMA), CDMA 1xEV-
DO, or the like. Another broad family of standards developed 75
to facilitate wireless networking are the protocols defined by
the various IEEE 801.11x standards.

Some example wireless communication devices that com-
municate using these techniques include cellular or satellite
radiotelephones, radiotelephone base stations, computers 30
that support one or more wireless networking standards, wire-
less access points for wireless networking, PCMCIA cards
incorporated within portable computers, direct two-way
communication devices, personal digital assistants (PDAs)
equipped with wireless communication capabilities, and the 35

like.

In wireless telecommunication, information 1s modulated
to create one or more baseband wavetorms, also referred to as
baseband signals. The baseband waveforms may then be
mixed with an electromagnetic carrier wave, which 1s some- 40
times referred to as an up-conversion process. The up-con-
verted wavelorm produced by mixing the carrier wave with
the modulated baseband waveform can be wirelessly trans-
mitted to a recerving device, e.g., in accordance with one of
the communication techniques described above. The recerv- 45
ing device mixes the baseband waveform from the recerved
carrier wave with an intermediate frequency signal, which 1s
sometimes referred to as a down-conversion process.
Demodulation of the resulting down-converted baseband
wavelorm can then be performed by the recerving device to 50
obtain the modulated information.

SUMMARY

In general, this disclosure describes techniques for 55
demodulating wireless signals. In particular, the techniques
of this disclosure dynamically select between two or more
demodulators based on channel quality information mea-
sured over a plurality of measurement periods. For example,
a wireless communication device (WCD) may switch from a 60
first demodulator to a second demodulator when the channel
quality information associated with the demodulators indi-
cates that the second demodulator has a better channel quality
than the first demodulator for a consecutive number of mea-
surement periods. As another example, the WCD may com- 65
pute, for each measurement period, the difference between
the channel quality mnformation associated with each of the

2

demodulators, sum the differences, and switch demodulators
when the total accumulation of the differences exceeds a
threshold.

In one aspect, a method comprises analyzing multiple qual-
ity metrics associated with each of a plurality of demodula-
tors to determine which of the demodulators 1s operating with
better performance characteristics, selecting the one of the
demodulators that 1s operating with better performance char-
acteristics, and demodulating incoming signals with the
selected demodulator.

In another aspect, a device comprises a plurality of
demodulators and a demodulator selection module that ana-
lyzes multiple quality metrics associated with each of the
plurality of demodulators to determine which of the demodu-
lators 1s operating with better performance characteristics and
selects the one of the demodulators that 1s operating with
better performance characteristics to demodulate incoming
signals.

In a further aspect, a computer program product comprises
a computer-readable medium comprising codes for causing at
least one computer to analyze multiple quality metrics asso-
ciated with each of a plurality of demodulators to determine
which of the demodulators 1s operating with better perfor-
mance characteristics select the one of the demodulators that
1s operating with better performance characteristics, and
demodulate incoming signals with the selected demodulator.

In yet another aspect, a device comprises means for ana-
lyzing multiple quality metrics associated with each of a
plurality of demodulators to determine which of the demodu-
lators 1s operating with better performance characteristics
means for selecting the one of the demodulators that 1s oper-
ating with better performance characteristics, and means for
demodulating incoming signals with the selected demodula-
tor.

The techniques described in this disclosure may be 1imple-
mented 1n hardware, software, firmware, or any combination
thereof. If implemented 1n software, the soitware may be
executed in a computer. The software may be 1nitially stored
as instructions, program code, or the like. Accordingly, the
disclosure also contemplates a computer program product
comprising a computer-readable medium, wherein the com-
puter-readable medium comprises instructions for causing a
computer to execute techniques and functions 1n accordance
with this disclosure.

The details of one or more aspects of the disclosure are set
forth 1n the accompanying drawings and the description
below. Other features, objects, and advantages of this disclo-

sure will be apparent from the description and drawings, and
from the claims.

[l

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1llustrating an exemplary wire-
less communication system.

FIG. 2 1s a block diagram 1llustrating an exemplary wire-
less communication device that dynamically switches
between two or more demodulators based on a channel qual-
ity associated with each of the demodulators 1n accordance
with this disclosure.

FIG. 315 aflow diagram 1llustrating exemplary operation of
a demodulation module dynamically switching between two
or more demodulators based on a channel quality associated
with each of the demodulators.

FIG. 4 1s a flow diagram illustrating another exemplary
operation of a demodulation module dynamically switching
between two or more demodulators based on a channel qual-
ity associated with each of the demodulators.
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FIG. 5 1s an exemplary state diagram illustrating dynamic
switching techniques described 1n this disclosure.

DETAILED DESCRIPTION

In general, this disclosure describes techniques ifor
demodulating wireless signals. In particular, the techniques
of this disclosure dynamically select between two or more
demodulators based on channel quality information associ-
ated with the demodulators. In selecting between two or more
demodulators, 1t 1s desirable to select whichever one of the
demodulators has the best performance characteristics.

A wireless communication device (WCD) may be config-
ured to dynamically switch between the demodulators based
on analysis of multiple quality metrics associated with each
of demodulators. In one aspect of this disclosure, the WCD
may be configured to dynamically switch between the
demodulators based on analysis of multiple types of quality
metrics associated with each of the plurality of demodulators.
In another aspect, the WCD may be configured to dynami-
cally switch between the demodulators based on analysis of
multiple quality metrics taken measured for each of demodu-
lators over a plurality of measurement periods. That 1s, this
invention need not merely look at the most recently taken data
point (or piece of information) about the quality metric; 1t can
look at the history of samples of the quality metric over the
past. In other words, the WCD bases 1ts switching decisions
on analysis of multiple quality metrics measured by the
demodulators over a period of time, using the heuristic that
the demodulator that observes the best performance charac-
teristics over that period of time 1s the demodulator which 1s
best adapted for demodulation under the current conditions,
and therefore delivers the highest data rate. As used herein,
the term “quality metric” refers to measurements of informa-
tion that how well the demodulators are performing or how
good the transmission environment associated with respec-
tive demodulators 1s. The quality metrics may include, for
example, measurements of a signal-to-noise ratio (SNR),
SNR plus a calibration constant, a received signal strength
indicator (RSSI), a carrier-to-interference plus noise ratio
(CINR), or other a channel quality indicator (CQI), or a
bit-error rate (BER), block level error rate (BLER), data rate
(or throughput), or any other indication of suitable quality
metric.

For example, the WCD may switch from a first demodula-
tor to a second demodulator when the quality metrics associ-
ated with the demodulators indicates that the second demodu-
lator has better performance characteristics than the first
demodulator for a consecutive number of measurement peri-
ods. In this manner, the WCD switches from the first demodu-
lator to the second demodulator when the quality metrics
associated with the second demodulator 1ndicate better per-
formance characteristics for the second demodulator than the
quality metrics associated with the first demodulator for a
consecutive number of quality metrics. As another example,
the WCD may compute, for each measurement period, a
difference between the quality metrics associated with each
of the demodulators, sum the differences, and switch
demodulators when the total accumulation of the differences
exceeds a threshold. In this manner, the WCD switches
demodulators based on computed differences between each
of the CQIs associated with the first demodulator and corre-
sponding ones of the CQIs associated with the second
demodulator.

In addition to switching between the demodulators based
on quality metrics measured for each of demodulators over a
plurality of measurement periods, the WCD may also be
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configurable to switch between demodulators based on qual-
ity metrics associated with the demodulators over a single
measurement period, e.g., the previous measurement period.
For example, the WCD may switch to the demodulator that
observed the best performance characteristics the previous
measurement period. In this manner, the WCD may be con-
figurable to operate 1n several different switching modes,
such as a first switching mode that switches between the
demodulators based on channel quality history over a plural-
ity ol measurement periods and a second switching mode that
switches between the demodulators based on channel quality
over a single measurement period.

FIG. 1 1s a block diagram 1llustrating an exemplary wire-
less communication system 10. Wireless communication sys-
tem 10 1ncludes a base station 12 that transmits and receives
wireless communication signals to and from a WCD 14. The
wireless signals may follow one or more paths 16A-16C
(collectively, “paths 16”) through a radio-frequency (RF)
environment. The signals are subject to varying channel con-
ditions present within the RF environment between base sta-
tion 12 and WCD 14. For example, channel conditions may
include signal fading, interference and delay that result 1n
weak signal strength or noise.

System 10 may be designed to support one or more wire-
less communication technologies such as code division mul-
tiple access (CDMA), frequency division multiple access
(FDMA), time division multiple access (TDMA), or orthogo-
nal frequency division multiplexing (OFDM). The above
wireless communication technologies may be delivered
according to any of a variety of radio access technologies,
such as Global System for Mobile Commumnications (GSM),
CDMA 2000, wideband CDMA (W-CDMA), CDMA 1xEV-
DO, or the like. Alternatively, or additionally, base station 12
and WCD 14 may be equipped to communicate according to
a wireless local area network (WL AN) protocol, such as any
of the protocols defined by the various IEEE 801.11x stan-
dards.

WCD 14 may take the form of a cellular telephone, a
satellite telephone, a radio telephone, a personal digital assis-
tant (PDA), a wireless communication card incorporated
within a portable computer, a wireless gaming device or any
other device incorporating wireless communication capabili-
ties. Base station 12 may include a base station controller (not
shown) that provides an interface between base station 12 and
a global packet-based core network such as the Internet, a
wide area network (WAN), or a local area network (LAN),
and/or the public switched telephone network (PSTN).

As described above, wireless signals transmitted by base
station 12 may follow one or more of paths 16 through a
radio-frequency (RF) environment. WCD 14 may, {for
example, receive signals from base station 12 via a first path
16A, as well as signals via a second path 16B, 16C caused by
reflection of the signal from an obstacle 18. Obstacle 18 may
be any structure proximate to WCD 14 such as a building,
bridge, car, or even a person. The transmitted signals 1llustrate
a multi-path environment in which multiple recerved signals
carry the same information, but may have different ampli-
tudes, phases and time delays.

WCD 14 processes the received signal using a number of
processing techniques, such as down-conversion, demodula-
tion, and decoding, to extract the information contained 1n the
signal. In accordance with the techniques described in this
disclosure, WCD 14 dynamically switches between two or
more demodulators (not shown 1n FIG. 1) based on quality
metrics associated with each ol the demodulators. The quality
metrics associated with each of the demodulators may 1ndi-
cate how well the demodulators are performing or how good
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the transmission environment associated with respective
demodulators 1s. As an example, the quality metrics may
include measurements of one or more channel quality indi-
cators (CQlIs). Although this disclosure describes switching
between demodulators based on one or more channel quality
indicators, the techniques may be utilized to switch between
demodulators 1n accordance with analysis of other quality
metrics associated with the demodulators.

WCD 14 may be configured to dynamically switch
between the demodulators based on analysis of multiple qual-
ity metrics associated with each of the demodulators. WCD
14 may analyze the quality metrics 1n real-time, 1.¢., as the
measurements are made, or in non real-time, e.g., off-line. In
one aspect, WCD 14 may be configured to dynamically
switch between the demodulators based on analysis of mul-
tiple types of quality metrics associated with each of the
plurality of demodulators. In another aspect, WCD 14 may be
configured to dynamically switch between the demodulators
based on one or more CQIs measured for each of the demodu-
lators over a plurality of measurement periods. In other
words, WCD 14 dynamically switches between demodula-
tors based on an analysis of multiple samples of the same type
ol quality metric associated with each of the demodulators.
Thus, WCD 14 bases 1ts switching decisions on the channel
quality (or other performance characteristic) observed by the
demodulators over a period of time, using the heuristic that
the demodulator that observes the best channel quality over
that period of time 1s the demodulator which 1s best adapted
for demodulation under the current channel conditions, and
therefore delivers the highest data rate.

For example, WCD 14 may switch from a first demodulator
to a second demodulator when the CQlIs associated with the
demodulators indicate that the second demodulator has a
better channel quality for a consecutive number of measure-
ment periods. In this manner, WCD 14 may switch from the
first demodulator to the second demodulator when the CQIs
associated with the second demodulator indicate a better
channel quality for the second demodulator than the CQIs
associated with the first demodulator for a consecutive num-
ber of CQlIs.

As another example, WCD 14 may compute, for each
measurement period, the difference between CQIs associated
with each of the demodulators and switch demodulators when
the summation of the differences exceeds a threshold. Thus,
WCD 14 may switch demodulators based on computed dii-
ferences between each of the CQIs associated with the first
demodulator and corresponding ones of the CQIs associated
with the second demodulator. Likewise, WCD 14 may switch
demodulators based on a moving average of the quality met-
rics over a period of time, which may be particularly usetul
when switching between more than two demodulators.

Additionally, WCD 14 may also be configurable to switch
between demodulators based on CQIs measured over a single
measurement period, e.g., the previous measurement period.
In particular, WCD 14 may switch to the one of the demodu-
lators for which the best channel quality was observed during
the previous measurement period. For example, WCD 14 may
switch between the first demodulator and the second demodu-
lator based on analysis of one CQI associated with the first
demodulator and a corresponding CQI associated with the
second demodulator. In another example, WCD 14 may
switch between the first demodulator and the second demodu-
lator based on analysis of multiple types of quality metrics
observed over a single measurement period. WCD 14 may
thus be configurable to operate 1n several different switching,
modes, such as a first switching mode that switches between
the demodulators based on channel quality information mea-
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sured over a plurality of measurement periods and a second
switching mode that switches between the demodulators
based on channel quality information measured over a single
measurement period. WCD 14 may be configured by a manu-
facturer to operate 1n accordance with one of the switching
modes or by an operator of WCD 14. Alternatively, WCD 14
may dynamically select between the different switching
modes.

It should be apparent that the teachings herein may be
embodied 1n a wide variety of forms and that any specific
structure and/or function disclosed herein 1s merely represen-
tative. For example, WCD 14 may be configured to utilize
quality metrics other than CQIs. Based on this disclosure, one
skilled 1n the art will appreciate that an aspect disclosed
herein may be implemented independently of any other
aspects and that two or more of these aspects may be com-
bined 1n various ways. For example, a device may be imple-
mented and/or a method practiced using any number of the
aspects set forth herein.

FIG. 2 1s a block diagram 1llustrating an example WCD,
such as WCD 14 of FIG. 1, that dynamically switches
between two or more demodulators based on channel quality
information associated with each of the demodulators. As
shown 1 FIG. 2, WCD 14 includes a power supply 20, an
antenna 22, a receiver 24, a demodulation module 26 and a
processor 28. Power supply 20 may, for example, be a battery
or other portable power source. The techniques described
herein, however, may be applicable to WCDs that are not
battery-powered, and may be applicable to mobile or station-
ary WCDs. As described above, WCD 14 may take the form
ol a variety of wireless equipment, such as a cellular tele-
phone, a satellite telephone, a radio telephone, a personal
digital assistant (PDA), a wireless communication card incor-
porated within a portable computer or any other device mcor-
porating wireless communication capabilities.

In operation, antenna 22 and recerver 24 receive wireless
signals on radio frequency bands supported by WCD 14.
Receiver 24 may include appropriate analog and/or digital
circuit components such as, for example, amplifiers, filters,
frequency converters, analog-to-digital conversion circuitry,
and the like. Recerver 24 may be configured to support any
desired radio access technology (RAT) or any WLAN proto-
col.

Demodulation module 26 demodulates the recerved signal
in accordance with the techniques of this disclosure. As
described 1n further detail below, demodulation module 26
dynamically selects between two or more demodulators
based on channel quality information associated with each of
the demodulators. Demodulation module 26 demodulates the
received signal using the selected demodulator and passes the
demodulated signal to processor 28 for further processing.

In the example 1llustrated 1n FI1G. 2, demodulation module
26 1includes a RAKE demodulator 30, an equalizer demodu-
lator 32, and a demodulator selection module 34. Although 1n
the example 1llustrated i FIG. 2, demodulation module 26
includes only two demodulators, 1.e., RAKE demodulator 30
and equalizer demodulator 32, demodulation module 26 may
include more than two demodulators. Moreover, FIG. 2 1llus-
trates RAKE demodulator 30 and equalizer demodulator 32
for purposes of illustration. Demodulation module 40 may
include other types of demodulators.

RAKE demodulator 30 may include several correlators
(not shown), often referred to as “fingers,” that individually
process several signal multi-path components. As described
above, the wireless signal transmitted by base station 12 (FIG.
1) may follow multiple paths 16 to WCD 14. Referring to
FIG. 1, the transmitted signal may follow a first path 16 A
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directly from base station 12 to WCD 14, and also follow a
second path along 168, 16C caused by reflection of the signal
from obstacle 18. The different paths followed by the trans-
mitted signal may introduce different time delays as well as
noise relative to the other paths of the multi-path signal.

The plurality of fingers of RAKE demodulator 30 extract
the same signal at a number of different time delays. By
defining the RAKE fingers at different time delays, RAKE
demodulator 30 can extract multiple instances of the same
signal and select the strongest path for demodulation, or
combine multiple paths to define a signal for demodulation.
For example, RAKE demodulator 30 may apply equal-gain
combining or maximal ratio combining to produce output
data based on the received signal.

Equalizer demodulator 32 1s typically implemented at the
receive device to mitigate Inter-Symbol Interterence (ISI)
caused by recerving multiple echoes of the sent signal. The
filtering that occurs at equalizer demodulator 32 typically
changes over time, as channel noise changes. Equalizer
demodulator 32 may, for example, comprise a zero forcing
equalizer (ZFE), a linear mimimum mean square error
(LMMSE) equalizer or the like.

RAKE demodulator 30 and equalizer demodulator 32 may
measure one or more quality metrics that indicate the pertfor-
mance characteristics observed by the respective demodula-
tors 30, 32. RAKE demodulator 30 and equalizer demodula-
tor 32 may, for example, measure one or more CQIs that
indicate the channel quality observed by the respective
demodulators 30, 32. In particular, RAKE demodulator 30
and equalizer demodulator 32 may measure CQIs that indi-
cate signal strength of the channel. The better the signal
strength, the higher the quality of the channel. As an example,
RAKE demodulator 30 and equalizer demodulator 32 may
measure a signal-to-noise ratio (SNR), a received signal
strength indicator (RSSI), a carrier-to-interference plus noise
ratio (CINR), or a bit-error rate (BER) to detect the quality of
the channel of the received signal or any other quality metric
that indicative of the quality of the transmission environment.
Alternatively or additionally, demodulators 30, 32 may mea-
sure quality metrics that indicate other performance charac-
teristics, such as data rate or throughput. In some aspects, one
or more of the other components within WCD 14 may mea-
sure the quality metrics and provide the quality metrics to
demodulation module 26. Again, for purposes of explanation,
the techniques will be described 1n the context of analyzing
CQIs.

Demodulator selection module 34 dynamically switches
between RAKE demodulator 30 and equalizer demodulator
32 based on the channel quality information associated with
the demodulators 30, 32. Demodulator selection module 34
may select between the demodulators based on analysis the
quality metrics in real-time, 1.e., as the measurements are
made, or in non real-time, e.g., off-line. In some aspects,
demodulator selection module 34 may be configured to
switch between RAKE demodulator 30 and equalizer
demodulator 32 based on CQIs measured over a plurality of
measurement periods. In other words, demodulator selection
module 34 bases 1ts switching decision on the channel quality
observed by the two demodulators 30, 32 over a period of
time, using the heuristic that the demodulator that observes
the best channel quality over that period of time is the
demodulator which 1s best adapted for demodulation under
the current channel conditions.

As an example, demodulator selection module 34 may
switch from a currently selected demodulator, e.g., RAKE
demodulator 30, to an unselected demodulator, e.g., equalizer
demodulator 32, when the CQIs associated with the demodu-
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lators 1ndicate that the unselected demodulator has a better
channel quality than the selected demodulator for a consecus-
tive number of measurement periods. For example, demodu-
lator selection module 34 may switch from the selected
demodulator to the unselected demodulator when a SNR
associated with the unselected demodulator 1s greater than a
SNR associated with the selected demodulator for a five
consecutive measurement periods.

Alternatively, demodulator selection module 34 may
switch from the selected demodulator to the unselected
demodulator when the CQI associated with the demodulators
indicates that the unselected demodulator has a better channel
quality than the selected demodulator for a particular percent-
age of the previous measurement periods. For example,
demodulator selection module 34 may switch from the
selected demodulator to the unselected demodulator when an
RSSI associated with the unselected demodulator 1s greater
than the RSSI associated with the selected demodulator for
seven of the last ten measurement periods, 1.€., seventy per-
cent of the previous measurement periods.

In another aspect of this disclosure, demodulator selection
module 34 may compute, for each measurement period, a
difference between CQIs associated with each of the demodu-
lators 30, 32 and switch demodulators when a summation of
the differences exceeds a threshold. Demodulator selection
module 34 may, for example, compute a difference between a
CQI associated with the unselected demodulator and a CQI
associated with the selected demodulator during each mea-
surement period and sum the computed differences to obtain
a total channel quality difference. In this manner, demodula-
tor selection module 34 may make a switching decision based
on a moving average of the CQIs over the recent past.

As another example, demodulator selection module 34
may make 1ts selection based on moving averages of one or
more quality metrics over the recent past or a weighted aver-
age ol the moving averages over the recent past. Demodulator
selection module 34 may compute a weighted average of the
moving averages ol the quality metrics, and select the
demodulator with the highest weighted average. For example,
demodulator selection module 34 may select the demodulator
whose sum

NSNR NBIER I
Z SNR, Z BLER: throughput
. — - — - Z throughput,
SNR BLER throughput
Nsnr NBLER N throu
ghput

1s the highest of all the demodulators under consideration,
where

1s the moving average of the SNR,

NBIER

Z BLER,;

=1

NprEr
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1s the moving average of the BLER,

N throughpit

Z throughput,
i=1

N throu ghpiit

1s the moving average of the throughput for the, we,,» 1s the
weight given to the SNR, wj, ~» 1s the weight given to the
BLER, W,,en0.: 18 the weight given to the throughput. In
this manner, demodulator selection module 34 considers a

number of quality metrics over the period of time. This tech-
nique 1s especially usetul when demodulator selection mod-
ule 34 1s selecting between more than two demodulators. In
that case, demodulator selection module 34 computes the
weighted average of the moving averages for each of the
demodulators. In another example, demodulator selection
module may form the weighted average of filtered, rather than
averaged, values of the quality metrics, and then select the
demodulator with the highest weighted average filtered qual-
ity metric. Finite Impulse Response (FIR) or Infinite Impulse

Response (1IR) filters could be used for this purpose.

When the CQI associated with the unselected demodulator
1s greater than the CQI associated with the selected demodu-
lator, the computed difference 1s a positive value. Therelore,
the value of the accumulated difference increases when the
unselected demodulator has a better channel quality than the
selected demodulator. When the CQI associated with the
unselected demodulator 1s less than the CQI associated with
the selected demodulator, the computed difference 1s a nega-
tive value. Thus, the value of the accumulated difference
decreases when the selected demodulator has a better channel
quality than the unselected demodulator. Upon the accumu-
lated difference exceeding the threshold, which indicates that
the unselected demodulator has had a better channel quality
over the multiple measurement periods, demodulator selec-
tion module 34 switches demodulators.

In addition to selecting demodulators based on CQIs asso-
ciated with the demodulators over a plurality of measurement
periods, demodulator selection module 34 may also be con-
figurable to select between RAKE demodulator 30 and equal-
izer demodulator 32 based on CQIs measured over a single
measurement period. Thus, demodulator selection module 34
may switch to whichever one of demodulators 30, 32
observed the best channel quality on the previous measure-
ment period to demodulate the received signal during the next
measurement period. Demodulator selection module 34 may,
for example, analyze one or more quality metrics for the
previous measurement period. If demodulator selection mod-
ule 34 analyzes more than one type of quality metric,
demodulator selection module 34 may assign weights or pri-
orities to the quality metrics to assist in determiming which of
the combinations of quality metrics indicate better perfor-
mance characteristics.

In this manner, demodulator selection module 34 may be
configurable to operate in one of several different demodula-
tor switching modes. In particular, demodulator selection
module 34 may be configurable to operate 1n a first demodu-
lator switching mode that switches between the demodulators
based on channel quality mnformation measured over a plu-
rality of measurement periods or a second demodulator
switching mode that switches between the demodulators
based on channel quality information measured over a single
measurement period.
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Regardless of the demodulator switching mode of
demodulator selection module 34, demodulation selection
module 46 may wait for a particular period of time after
switching demodulators before allowing another switch.
There may be a cost to switching between the different
demodulators in the form of lost or missed data. To control the
frequency of switching between demodulators 30, 32,
demodulator selection module 34 may imitialize a counter
upon switching demodulators and not allow another switch
until the counter expires. The counter, 1n effect, enforces a
lockout period during which demodulator selection module
34 1s not allowed switch demodulators. The lockout period
may, for example, expand over one or more measurement
periods. In some cases, demodulator selection module 34
may not even start analyzing the CQIs associated with
demodulators 30, 32 until the counter has expired.

The following pseudo code represents an exemplary
demodulator selection algorithm for switching between

demodulators 1n accordance with the techniques of this dis-
closure. As will be described 1n detail below, the variables of
the pseudo code may be selected to configure demodulator
selection module 34 to operate 1n any one of the three
demodulator switching modes.

if (EQdisable) {
DFRONTmode = 0; // DFRONTmode = 0 for RAKE, 1 for EQ

h

else if (RAKEdisable) {
DFRONTmode = 1;

h
else{

if (CNTR > 0) {
CNTR--;

h
else {

if (DFRONTmode = 1) { // in EQ mode
DELTA = CQIRAKE - CQIleq; // where CQIRAKE,
CQIeq are quantized
h
else { // in RAKE mode
DELTA = CQleq - CQIRAKE;
1
if (DELTA > DELTAmax) DELTA = DELTAmax;
// where DELTAmax =1, 2, ...
if (DELTA > DELTAmin) DELTA = DELTAmin;
// where DELTAmMIn = -DELTAmax
if (DELTA > 0){
ACCUM = ACCUM + DELTA;

h

if (DELTA <0){
ACCUM() = (ACCUM(n-1)+ DELTA) * UPDATEmode;
/f where UPDATEmode =0, 1

h

if (ACCUM(n) < -THRESH) {
ACCUM(n) =-THRESH:;

if (ACCUM(n) > THRESH) {
SWITCH = 1;
ACCUM(n) = 0;
CNTR = CNTRmax;
DFRONTmode = ~DFRONTmode;

h
else {

SWITCH = 0;

h
h
h

In the above pseudo code, demodulator selection module
34 determines whether an EQdisable signal 1s asserted. If
demodulator selection module 34 determines that the EQdis-
able signal 1s asserted, demodulator selection module sets

DFRONTmode to zero. The variable DFRONTmode indi-
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cates which of demodulators 30, 32 1s currently selected, 1.e.,
currently used by demodulation module 26 for demodulation.
When DFRONTmode 1s equal to zero, RAKE demodulator
301s selected. When DFRONTmode 1s equal to one, equalizer
demodulator 32 1s selected. Thus, when EQdisable 1is
asserted, DFRONTmode 1s set to zero and demodulator selec-
tion module 34 either continues to operate using RAKE
demodulator 30 or switches to RAKE demodulator 30.

An EQdisable signal disables equalizer demodulator 32,
thus ensuring that RAKE demodulator 30 1s used for demodu-

lation. The F

EQdisable signal may be used, for example, to
ensure that RAKE demodulator 30 1s used during compressed
mode, e.g., a mode 1n wideband-CDMA 1n which the data 1s
sent from the network to WCD 14 1n less time than 1n normal
operation. This means that the WCD 14 does not need to
spend 100% of 1ts time demodulating the data sent from the
network. WCD 14 may spend 1ts free time searching for
signals from other networks or on other frequencies. This 1s
used, for example, to mitiate a switch from a W-CDMA
network to a GSM network.

When no EQdisable signal 1s asserted, demodulator selec-
tion module 34 determines whether a RAKEdisable signal 1s
asserted. When a RAKEdisable signal 1s asserted, demodu-
lator selection module 34 sets DFRONTmode to one and
demodulator selection module 34 either continues to operate
using equalizer demodulator 32 or switches from RAKE
demodulator 30 to equalizer demodulator 32. As an example,
RAKEdisable may be asserted to ensure that demodulation
module 26 operates using equalizer demodulator 32 for test-
Ing purposes.

If neither EQdisable nor RAKEdisable are asserted,
demodulation selection module 46 determines whether a
count down counter (CNTR) 1s greater than zero. CNTR 1s
used to control the frequency of switching between demodu-
lators 30, 32. If demodulation selection module 46 deter-
mines that CNTR 1s greater than zero, CN'TR 1s decremented.
Demodulation selection module 46 continues to monitor
CNTR until CNTR 1s equal to zero, 1.e., until CNTR has
expired.

If neither RAKE demodulator 30 nor equalizer demodula-
tor 32 has been disabled, and that the counter (CNTR) has
expired, demodulator selection module 34 computes, on
every measurement period, a difference (DELTA) between
the CQIs associated with RAKE demodulators 30 and equal-
1zer demodulator 32. In other words, demodulator selection
module 34 computes the difference DELTA between the CQI
associated with the unselected demodulator (“CQlunse-
lected”) and the CQI associated with the selected demodula-
tor (“CQIlselected”), 1.e., DELTA=CQIunselected—CQlse-
lected. If DFRONTmode 1s equal to one, 1.e., the
demodulation module 26 i1s operating using equalizer
demodulator 32, demodulator selection module 34 computes
DELTA using the equation DELTA=CQIrake-CQleq, where
CQIrake and CQleq are quantized CQI values associated with
RAKE demodulator 30 and equalizer demodulator 32,
respectwely Alternatively, if DFRONTmode 1s equal to zero,
1.€., the demodulation module 26 1s operating using RAKE
demodulator 32, demodulator selection module 34 computes
DELTA using the equation DELTA=CQIleq-CQIrake.

If the difference DELTA 1s greater than a positive maxi-
mum threshold (DELTAmax), demodulator selection module
34 sets DELTA equal to DELTAmax. DELTAmax may be a
threshold value specified during configuration of WCD 14.
DELTAmax may, for example, be specified to be an integer
value between one and ten. If the difference DELTA 1s less
than a negative mimmimum threshold (DELTAmin), demodu-
lator selection module 34 sets DELTA equal to DELTAmin.
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DELTAmin, like DEL'TAmax, may be a minimum threshold
value specified during configuration of WCD 14. In one
example, DELTAmin may be set equal to the negative of
DELTAmax. As will be described in more detail, the com-
puted DELTA values are summed together, thus allowmg the
threshold values DELTAmax and DELTAmin to be set to
control the rate at which the accumulated difference increases
or decreases.

Demodulator selection module 34 adds the computed dif-
terence value (DELTA) to obtain a total accumulated differ-
ence (ACCUM(n)) that tracks a running total of the differ-
ences between CQIs of the selected and unselected

demodulators. In particular, 11 DELTA 1s positive, decoder

selection module 46 adds DELTA to ACCUM, 1.e., ACCUM
(n)=ACCUM(n-1)+DELTA. If DELTA 1s negative, then the
updated total difference ACCUM(n), 1.¢., the updated value of
ACCUM after adding the computed DELTA, 1s multiplied by
an update mode parameter (UPDATEmode). In this manner,
the updated total difference ACCUM 1s computed using the
equation ACCUM(n)=(ACCUM(n-1)+DELTA)*UPDA
TEmode. UPDATEmode 1s parameter may be set to equal
either one or zero. As will be described below, the UPDATE-
mode parameter may be set 1n such a manner to control the
switching mode 1n which demodulator selection module 34
operates.

I1 the total accumulated difference ACCUM(n) 1s less than
a negative mimimum threshold (-THRESH), demodulator
selection module 34 sets the total accumulated difference
ACCUM(n) equal to -THRESH. This ensures that the total
accumulated difference ACCUM(n) does not become too
negative, thereby preventing a switch from occurring for a
long period of time. As described above, DELTA 1s a negative
value when the CQI associated with the selected demodulator
1s larger than the CQI associated with the unselected demodu-
lator. Thus, ACCUM(n) may become a large negative number
if the CQI associated with the selected demodulator 1s better
than the CQI associated with the unselected demodulator for
a long period of time. If ACCUM(n) becomes too large, no
switch would occur for a significant period of time even if the
CQI associated with the unselected demodulator becomes
better than the CQI associated with the selected demodulator.
Therefore, demodulation module 26 would continue to oper-
ate using the demodulator that has the worst channel quality
until the unselected demodulator has a better CQI for a sig-
nificant period of time. Therefore, by controlling the maxi-
mum negative value of ACCUM(n), ensures that ACCUM(n)
does not grow to be too large of a negative value.

I1 the total accumulated difference ACCUM(n) exceeds a
maximum threshold (THRESH), demodulator selection
module 34 switches from the currently selected demodulator
to the other demodulator. In particular, demodulator selection
module 34 asserts a switch signal (SWITCH), e.g., SWITCH
1s set equal to one. For example, if demodulation module 26
1s currently outputting the demodulated data from RAKE
demodulation module 30, demodulator selection module 34
switches to equalizer demodulator 32. Demodulator selection
module 34 resets the total accumulated ditference ACCUM
(n) by setting ACCUM(n) equal to zero.

Demodulator selection module 34 also resets the counter
by setting CNTR equal to CNTRmax. As described above,
CNTR 1s used to control the frequency of switching between
demodulators 30, 32. In particular, demodulator selection
module 34 waits until CN'TR 1s equal to zero before permit-
ting another SWITCH signal to be asserted. In fact, demodu-
lator selection module 34 may not even start to observe CQIs
associated with demodulators 30, 32 until the counter has

expired.
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The numerous parameters of the algorithm described
above may be set to configure demodulator selection module
34 to operate 1n accordance with one of the three demodulator
switching modes described above. In particular, the threshold
parameter THRESH provides control over how much the CQI
associated with unselected demodulator must exceed the CQI
associated with selected demodulator, and for how long,
betore demodulator selection module 34 switches demodu-
lators. So do the parameters DELTAmax and DELTAmin,
which specity the upper and lower bound, respectively,
applied to the DELTA. Additionally, the UPDATEmode
parameter provides control over how the accumulator 1s
updated.

More specifically, the initial value of the CNTR may be set
to zero and the threshold parameter THRESH may be set to
zero to configure demodulator selection module 34 to switch
to whichever demodulator has the higher CQI during a pre-
vious measurement period. As another example, the maxi-
mum value of the difference DELTAmax may be set to one
and the UPDATEmode parameter may be set to zero to con-
figure demodulator selection module 34 to switch demodula-
tors 11 the CQI associated with the unselected demodulator
exceeds the CQI of the selected demodulator for a consecu-
tive number of measurement periods equal to THRESHOLD.
As a further example, the maximum value of the difference
DELTAmax may be set to a value greater than one and the
UPDATEmode parameter may be set to one to configure
demodulator selection module 34 to switch between demodu-
lators when the accumulated differences between the CQIs
associated with the two demodulators exceeds a threshold.

Although the techniques of this disclosure are described 1n
the context of switching between RAKE demodulator 30 and
equalizer demodulator 32, the techniques may be utilized to
switch between other types of demodulators 1 wireless
devices based on other modulation and multiple access tech-
niques, such as TDMA, FDMA and GSM. Moreover, the
techniques may be implemented to switch between any num-
bers of demodulators based on channel quality measurements
over a period of time.

A number of other elements may also be included within
WCD 14, but are not specifically illustrated in FIG. 2 for
simplicity and ease of illustration. For example, WCD 14 may
include one or more components for transmitting signals
from WCD 14, including a transmitter and a modulator.
Moreover, depiction of different features as modules 1is
intended to highlight different functional aspects of WCD 14
and does not necessarily imply that such modules must be
realized by separate hardware and/or software components.
Rather, functionality associated with one or more modules
may be integrated within common hardware or realized by
separate hardware and/or software components, such as
within a transceiver or a modem. Thus, the disclosure should
not be limited to the example of WCD 14.

The various components illustrated 1n FIG. 2 may be real-
ized 1n hardware, software, firmware, or any combination
thereotf. Some components may be realized as processes or
modules executed by one or more microprocessors or digital
signal processors (DSPs), one or more application specific
integrated circuits (ASICs), one or more field programmable
gate arrays (FPGAs), or other equivalent integrated or dis-
crete logic circuitry. When implemented in software, the
functionality ascribed to the systems and devices described 1n
this disclosure may be embodied as instructions on a com-
puter-readable medium, such as within a memory (not
shown), which may comprise, for example, random access
memory (RAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), electrically erasable pro-
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grammable read-only memory (EEPROM), FLASH
memory, magnetic or optical data storage media, or the like.
The mstructions are executed to support one or more aspects
of the functionality described 1n this disclosure.

FIG. 3 1s aflow diagram 1llustrating exemplary operation of
demodulator selection module 34 dynamically switching
between two or more demodulators based on quality metrics
associated with each of the demodulators 30, 32. Initially,
demodulators 30, 32 measure multiple quality metrics asso-
ciated with each of demodulators 30, 32 (40). As described
above, the quality metrics may be measurements of the chan-
nel quality associated with each of the demodulators and may
measure signal strength of the channel, such as a signal-to-
noise ration (SNR) or a recerved signal strength indicator
(RSSI), for each of the demodulators. Alternatively, the qual-
ity metrics may measure some other performance character-
1stic such as throughput or data rate.

Demodulator selection module 34 compares the quality
metrics associated with each of demodulators 30, 32 to deter-
mine whether the quality metrics associated with the unse-
lected demodulator are better than the quality metrics asso-
ciated with the selected demodulator (42). In other words,
demodulator selection module 34 determines whether the
quality metrics indicate that the unselected demodulator has
the better performance characteristics. If the quality metrics
associated with the unselected demodulator 1s not better than
the quality metrics associated with the selected demodulator,
1.€., the selected demodulator has a better channel quality,
demodulator selection module 34 resets a counter that tracks
the number of consecutive quality metrics that indicate the
unselected demodulator had the better channel quality (43).

If the quality metrics associated with the unselected
demodulator 1s better than the quality metrics associated with
the selected demodulator, 1.e., the unselected demodulator
has better performance characteristics, demodulator selection
module 34 increments the counter that tracks the number of
consecutive quality metrics that indicate the unselected
demodulator had the better performance characteristics (44).
Demodulator selection module 34 then determines whether
the counter 1s greater than or equal to a threshold (45). The
threshold corresponds with the number of consecutive peri-
ods 1n which the quality metrics associated with the unse-
lected demodulator must be better than the quality metrics
associated with the selected demodulator 1n order to 1nvoke a
demodulator switch. In other words, the threshold represents
the number of consecutive quality metrics that indicate the
unselected demodulator has the better performance charac-
teristics.

If the counter value 1s less than the threshold, demodulator
selection module 34 does not switch demodulators and
demodulation module 34 continues to measure the quality
metrics associated with demodulators 30, 32. If the counter
value 1s greater than or equal to the threshold, demodulator
selection module 34 switches from the selected demodulator
to the unselected demodulator (46). Demodulator selection
module 34 may wait for a particular period of time before
allowing another switch, 1.e., a lockout period (48). Demodu-
lator selection module 34 may, for example, mnitialize a
counter and wait until the counter expires before switching
demodulators again. In this manner, demodulator selection
module 34 controls the frequency of switching between the
demodulators. Moreover, demodulator selection module 34
may reset the counter that tracks the number of consecutive
periods 1 which the unselected demodulator had the better
performance characteristics.

FIG. 415 aflow diagram 1llustrating exemplary operation of
demodulator selection module 34 dynamically switching
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between two or more demodulators based on quality metrics
associated with each of the demodulators. Initially, demodu-
lators 30, 32 measures multiple quality metrics, such as chan-
nel quality indicators (CQIs), associated with each of
demodulators 30, 32 (50). As described above, the CQI 1s a
measurement of the channel quality associated with each of
the demodulators and may measure signal strength of the
channel, such as a signal-to-noise ration (SNR) or a recerved
signal strength indicator (RSSI), for each of the demodula-
tors. Alternatively, another one of the components of WCD 14
may measure the quality metrics and pass the measured qual-
ity metrics to demodulator selection module 34.

Demodulator selection module 34 computes a difference
between the quality metrics associated with demodulators 30,
32 (32). For example, demodulator selection module 34 may
compute a difference between one of the CQIs associated
with the unselected demodulator and a corresponding one of
the CQIs associated with the selected demodulator. Demodu-
lator selection module 34 compares the computed difference
to a maximum threshold (54). The maximum threshold may,
for example, be a positive value specified during configura-
tion of demodulation module 26. 11 the computed difference
1s greater than the maximum threshold, demodulator selec-
tion module 34 sets the difference equal to the maximum
threshold (56).

If the difference 1s less than the maximum threshold,
demodulator selection module 34 compares the computed
difference to a minimum threshold (58). The minimum
threshold may be a negative value specified during configu-
ration of demodulation module 26. In one example, the mini-
mum threshold may be equal to the negative of the maximum
threshold. If the computed difference is less than the mini-
mum threshold, demodulator selection module 34 sets the
difference equal to the minmimum threshold (60). Because the
computed difference used to determine a total accumulated
difference, as will be described 1n detail below, the maximum
and minimum difference threshold values may be set to con-
trol the rate at which the accumulated difference increases or
decreases.

Demodulator selection module 34 determines whether the
adjusted difference 1s greater than or equal to zero (61). If the
adjusted difference 1s greater than or equal to zero, demodu-
lator selection module 34 adds the adjusted difference to the
total accumulated difference (accum) that tracks a running
total of the computed differences (62). If the adjusted differ-
ence 15 less than zero, demodulator selection module 34 adds
the adjusted difference to the total accumulated difference
(accum) (64) and then multiplies the updated total accumu-
lated difference by an update mode parameter (66). As will be
described below, the update mode parameter may be set to
control a switching mode of demodulation selection module
34. For example, the update mode parameter may be either
equal to one or zero.

Demodulator selection module 34 determines whether the
total accumulated difference (accum) 1s less than or equal to
a minimum accumulation threshold (68). If the total accumu-
lated difference 1s less than or equal to the minimum accu-
mulation threshold, demodulator selection module 34 adjusts
the total accumulated difference to equal the minimum accu-
mulation threshold (70). In this manner, demodulator selec-
tion module 34 limits how negative the total accumulated
difference may become, thereby ensuring that demodulator
selection module 34 will make switching decisions based on
a recent history of CQls.

If the total accumulated difference 1s greater than the mini-
mum accumulation threshold, demodulator selection module
34 determines whether the total accumulated difference (ac-
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cum) 1s greater than or equal to a maximum accumulation
threshold (72). A total accumulated difference that exceeds
the maximum accumulation threshold indicates that the
switching requirements have been met. For example, it may
indicate that analysis of the CQIs associated with the
demodulators indicates that the unselected demodulator has a
better channel quality than the selected demodulator for a
consecutive number of measurement periods. Alternatively, 1t
may indicate that the total accumulated differences between
the CQIs has exceeded a threshold.

If the total accumulated difference is less than the maxi-
mum accumulation threshold, demodulator selection module
34 does not switch demodulators and demodulation module
34 continues to operate using the selected demodulator (74).
If the total accumulated ditfference 1s greater than or equal to
the maximum accumulation threshold, demodulator selection
module 34 switches from the selected demodulator to the
unselected demodulator (76). If we are currently using RAKE
demodulator 30 and the total accumulated difference exceeds
the maximum accumulation threshold, demodulator selection
module 34 may switch to equalizer demodulator 32. In this
manner, the switch signal may be asserted based on a channel
quality history over a period of multiple channel quality mea-
surements.

When demodulator selection module 34 switches between
demodulators, demodulator selection module 34 may wait for
a particular period of time, €.g., one more measurement peri-
ods, before allowing another switch (78). Demodulator selec-
tion module 34 may, for example, 1nitialize a counter and wait
until the counter expires before switching demodulators
again. In this manner, demodulator selection module 34 con-
trols the frequency of switching between the demodulators.

As described above, one or more parameters used 1n the
demodulator selection algorithm may be adjusted to config-
ure demodulator selection module 34 to operate in different
demodulator switching modes. For example, the total thresh-
old, maximum difference threshold and the minimum difter-
ence threshold may be adjusted to control how much and for
how long the CQI associated with the unselected demodulator
must exceed the CQI associated with the selected demodula-
tor before a switch occurs. Moreover, the update mode param-
cter may be adjusted to control how the accumulator is
updated. For example, the update mode parameter may be set
to determine whether to switch demodulator modes after a
number of consecutive differences exceed the threshold or
after the total difference exceeds the threshold.

By setting the aforementioned maximum difference
threshold, mimimum difference threshold, update mode
parameter, and total threshold, demodulator selection module
34 may be configured to behave 1n any one of a plurality of
demodulator switching modes. As a first example, the 1nitial
value of the count down counter may be set to zero and the
total threshold may be set to zero to configure demodulator
selection module 34 to select whichever demodulator has the
higher CQI on each measurement period. As another
example, the maximum value of the difference may be set to
one and the update mode parameter may be set to zero to
configure demodulator selection module 34 to switch
demodulators 1f the CQI associated with the unselected
demodulator exceeds the CQI of the selected demodulator for
a consecutive number of measurement periods equal to the
threshold. As a further example, the maximum value of the
difference may be set to a value greater than one and the
update mode parameter may be set to one to configure
demodulator selection module 34 to switch between demodu-
lators when the accumulated differences between the CQIs
associated with the two demodulators exceeds a threshold.
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FIG. 5 1s an exemplary state diagram illustrating the
dynamic switching techniques described in this disclosure.
Demodulation module 26 imitially begins mm a RAKE
demodulator state 80. In the RAKE demodulator state,
demodulation module 26 demodulates received signals using
RAKE demodulator 30. Demodulation module 26 remains 1n
the RAKE demodulator state 80 until either a RAKEdisable
signal or a SWITCH signal 1s asserted and no EQdisable
signal 1s asserted. As described above, a RAKEdisable signal
1s typically asserted to test operation of equalizer demodula-
tor 32. Additionally, demodulation module 26 may assert a
SWITCH signal based on a channel quality associated with
cach of the demodulators. The requirements for asserting a
SWITCH signal depend on the demodulator switching mode
that demodulation module 26 1s operating 1n. If operating in a
demodulator switching mode that monitors channel quality
over a plurality of measurement periods, demodulation mod-
ule 26 may assert a switch signal to transition to equalizer
demodulation state 82 whenever equalizer demodulator 32
observes better channel quality for a number of consecutive
measurement periods or whenever the accumulated differ-
ences between the CQIs associated with the two demodula-
tors 30, 32 exceeds a threshold. Alternatively, demodulation
module may assert the SWITCH signal based on the best CQI
during the last measurement period when operating in the
switching mode that monitors channel quality of only a single
measurement period.

Demodulation module 26 remains in the equalizer
demodulator state 82 until either an EQdisable signal or a
SWITCH signal 1s asserted without a RAKEdisable signal
being asserted. As described above, an EQdisable signal may
be asserted, for example, to ensure that RAKE demodulator
30 1s used during compressed mode. Additionally, demodu-
lation module 26 may assert the SWITCH signal based on a
channel quality associated with each of the demodulators.
Again, the requirements for asserting a SWITCH signal
depend on the demodulator switching mode that demodula-
tion module 26 1s operating in. If operating 1n a demodulator
switching mode that monitors channel quality over a plurality
of measurement periods, demodulation module 26 may assert
a switch signal to transition back to RAKE demodulation
state 82 whenever RAKE demodulator 30 observes better
channel quality for a number of consecutive measurement
periods or whenever the accumulated differences between the
CQIs associated with the two demodulators exceeds a thresh-
old. Alternatively, demodulation module 26 may assert the
SWITCH signal based on the best CQI during the last mea-
surement period when operating 1n the switching mode that
monitors channel quality of only a single measurement
period.

The techniques described herein may be implemented in
hardware, software, firmware, or any combination thereof. I
implemented 1n software, the techniques may be realized at
least 1n part by one or more stored or transmitted instructions
or code on a computer-readable medium. Computer-readable
media may include computer storage media, communication
media, or both, and may include any medium that facilitates
transier of a computer program from one place to another. A
storage media may be any available media that can be
accessed by a computer.

By way of example, and not limitation, such computer-
readable media can comprise RAM, such as synchronous
dynamic random access memory (SDRAM), read-only

memory (ROM), non-volatile random access memory
(NVRAM), ROM, clectrically erasable programmable read-
only memory (EEPROM), EEPROM, FLASH memory, CD-

ROM or other optical disk storage, magnetic disk storage or
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other magnetic storage devices, or any other tangible medium
that can be used to carry or store desired program code 1n the
form of instructions or data structures and that can be
accessed by a computer.

Also, any connection 1s properly termed a computer-read-
able medium. For example, 11 the software 1s transmitted from
a website, server, or other remote source using a coaxial
cable, fiber optic cable, twisted pair, digital subscriber line
(DSL), or wireless technologies such as inirared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted
pair, DSL, or wireless technologies such as infrared, radio,
and microwave are included 1n the definition of medium. Disk
and disc, as used herein, includes compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk
and blu-ray disc where disks usually reproduce data magneti-
cally, while discs reproduce data optically, e.g., with lasers.
Combinations of the above should also be included within the
scope of computer-readable media.

The code associated with a computer-readable medium of
a computer program product may be executed by a computer,
¢.g., by one or more processors, such as one or more digital
signal processors (DSPs), general purpose microprocessors,
application specific integrated circuits (ASICs), field pro-
grammable logic arrays (FPGAs), or other equivalent inte-
grated or discrete logic circuitry. In some aspects, the func-
tionality described herein may be provided within dedicated
soltware modules or hardware modules configured for encod-
ing and decoding, or incorporated in a combined video

encoder-decoder (CODEC).

Various aspects of this disclosure have been described.
These and other aspects are within the scope of the following
claims.

The invention claimed 1s:
1. A method comprising:
using an antenna for recerving mcoming signals;

analyzing multiple quality metrics associated with each of
a plurality of demodulators to determine which of the
demodulators 1s operating with better performance char-
acteristics;

selecting the one of the demodulators that 1s operating with
better performance characteristics for a predetermined
consecutive number of quality metrics; and

demodulating the imcoming signals with the selected
demodulator, wherein analyzing the multiple quality
metrics comprises:

incrementing a counter when one of the quality metrics
associated with a second demodulator indicates better
performance characteristics for the second demodu-
lator than the corresponding one of the quality metrics
associated with a first demodulator.

2. The method of claim 1, wherein analyzing the multiple
quality metrics associated with each of the plurality of
demodulators comprises analyzing multiple types of quality
metrics associated with each of the plurality of demodulators
to determine which of the demodulators 1s operating with
better performance characteristics.

3. The method of claim 2, further comprising associating a
weight with each of the different types of quality metrics to
produce a weighted average of the quality metrics.

4. The method of claim 1, wherein analyzing the multiple
quality metrics associated with each of the plurality of
demodulators comprises analyzing multiple samples of at
least one type of quality metric taken at different times to
determine which of the demodulators 1s operating with better
performance characteristics.
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5. The method of claim 1, wherein:

analyzing multiple quality metrics associated with each of
a plurality of demodulators comprises analyzing mul-
tiple channel quality metrics associated with each of a
plurality of demodulators to determine which of the
demodulators has a better channel quality; and

selecting one of the demodulators comprises selecting the

one of the demodulators that has the better channel qual-
ty.

6. The method of claim 1, further comprising:

switching demodulators 1n accordance with the selection;

and

waiting for a period of time after switching to the selected

demodulator before allowing another switch from the
selected demodulator.

7. The method of claim 1, further comprising selecting
among the demodulators based on analysis of one of the
quality metrics associated with each of the demodulators.

8. The method of claim 1, further comprising measuring,
the quality metrics associated with the demodulators.

9. The method of claim 1, wherein analyzing the quality
metrics comprises analyzing one or more of Signal-to-Noise
Ratios (SNRs), Received Signal Strength Indicators (RSSIs),
Carrier-to-Interference plus noise Ratios (CINRs), Channel
Quality Indicator (CQIs), Bit Error Rates (BERs), Block
Level Error Rates (BLERSs), and baitrate.

10. The method of claim 1, wherein the demodulators
comprise two or more of a RAKE demodulator, a Zero Forc-
ing Equalizer (ZFE) and a Linear Minimum Mean Square
Error Equalizer (LMMSE).

11. The method of claim 1, wherein analyzing multiple
quality metrics associated with each of a plurality of demodu-
lators comprises analyzing multiple quality metrics associ-
ated with each of a plurality of demodulators 1n real time to
determine which of the demodulators 1s operating with better
performance characteristics.

12. A method comprising:

using an antenna for recerving incoming signals;

analyzing multiple quality metrics associated with each of

a plurality of demodulators to determine which of the
demodulators 1s operating with better performance char-
acteristics;

selecting the one of the demodulators that 1s operating with

better performance characteristics; and

demodulating the incoming signals with the selected

demodulator,

wherein analyzing the multiple quality metrics comprises:

comparing each of the quality metrics associated with a
first demodulator with corresponding ones of the
quality metrics associated with a second demodula-
tor;

incrementing a counter when one of the quality metrics
associated with the second demodulator indicates bet-
ter performance characteristics for the second
demodulator than the corresponding one of the qual-
1ty metrics associated with first demodulator; and

selecting the second demodulator when the counter
exceeds a threshold.

13. A method comprising:
using an antenna for recerving incoming signals;
analyzing multiple quality metrics associated with each of

a plurality of demodulators to determine which of the

demodulators 1s operating with better performance char-

acteristics;
selecting the one of the demodulators that 1s operating with
better performance characteristics;
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demodulating the imcoming signals with the selected
demodulator;

computing differences between each of the quality metrics
associated with a first demodulator and corresponding,
ones of the quality metrics associated with a second
demodulator:

summing the computed differences over multiple samples
of the metrics to obtain an accumulated quality metric
difference; and

selecting the second demodulator when the accumulated
quality metric difference exceeds a threshold.

14. The method of claim 13, further comprising:

comparing the accumulated quality metric difference to a
minimum threshold; and

setting the accumulated quality metric difference equal to
the minimum threshold when the accumulated quality
metric difference 1s less than the minimum threshold.

15. The method of claim 13, further comprising:

comparing each of the computed differences to a maxi-

mum difference threshold; and

setting the computed differences that are greater than the

maximum difference threshold equal to the maximum
difference threshold.

16. The method of claim 13, further comprising:

comparing each of the computed diflerences to a negative

minimum difference threshold; and

setting the computed differences that are less than the

negative minimum difference threshold equal to the
negative minimum difference threshold.

17. The method of claim 13, further comprising multiply-
ing the accumulated quality metric difference by an update
mode parameter that controls a demodulator selection mode
for selecting between the demodulators.

18. A device comprising;

a plurality of demodulators; and

a demodulator selection module that analyzes multiple
quality metrics associated with each of the plurality of
demodulators to determine which of the demodulators 1s
operating with better performance characteristics for a
predetermined consecutive number of quality metrics
and selects the one of the demodulators that 1s operating
with better performance characteristics to demodulate
incoming signals,

wherein the demodulator selection module increments a
counter when one of the quality metrics associated with
a second demodulator indicates better performance
characteristics for the second demodulator than the cor-
responding one of the quality metrics associated with a
first demodulator.

19. The device of claim 18, wherein the demodulator selec-
tion module analyzes multiple types of quality metrics asso-
ciated with each of the plurality of demodulators to determine
which of the demodulators 1s operating with better perior-
mance characteristics.

20. The device of claim 19, wherein the demodulator selec-
tion module associates a weight with each of the different
types of quality metrics to produce a weighted average of the
quality metrics for each of the demodulators.

21. The device of claim 18, wherein the demodulator selec-
tion module analyzes multiple samples of at least one type of
quality metric taken at different times to determine which of
the demodulators 1s operating with better performance char-
acteristics.

22. The device of claim 18, wherein the demodulator selec-
tion module analyzes multiple channel quality metrics asso-
ciated with each of a plurality of demodulators to determine
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which of the demodulators has a better channel quality and
selects the one of the demodulators that has the better channel
quality.

23. The device of claim 18, wherein the demodulator selec-
tion module switches demodulators in accordance with the
selection and waits for a period of time after switching to the
selected demodulator before allowing another switch from
the selected demodulator.

24. The device of claim 18, wherein the demodulator selec-
tion module selects among the demodulators based on analy-
s1s ol one of the quality metrics associated with each of the
demodulators over a single sample.

25. The device of claim 18, wherein each of the demodu-
lators measures the quality metrics associated with the
demodulators.

26. The device of claim 18, wherein the quality metrics
comprise one or more ol Signal-to-Noise Ratios (SNRs),
Received Signal Strength Indicators (RSSIs), Carrier-to-In-
terference plus noise Ratios (CINRs), Channel Quality Indi-
cator (CQIs), Bit Error Rates (BERs), Block Level Error
Rates (BLERSs), and bitrate.

27. The device of claim 18, wherein the demodulators
comprise two or more of a RAKE demodulator, a Zero Forc-
ing Equalizer (ZFE) and a Linear Minimum Mean Square
Error Equalizer (LMMSE).

28. The device of claim 18, wherein the demodulator selec-
tion module analyzes the multiple quality metrics associated
with each of a plurality of demodulators 1n real time to deter-
mine which of the demodulators 1s operating with better
performance characteristics.

29. The device of claim 18, wherein the device comprises
a wireless communication device.

30. A device comprising:

a plurality of demodulators; and

a demodulator selection module that analyzes multiple

quality metrics associated with each of the plurality of
demodulators to determine which of the demodulators 1s
operating with better performance characteristics and
selects the one of the demodulators that 1s operating with
better performance characteristics to demodulate
incoming signals;

wherein the demodulator selection module compares each

of the quality metrics associated with a first one of the
demodulators with corresponding ones of the quality
metrics associated with a second one of the demodula-
tors, increments a counter when one of the quality met-
rics associated with the second demodulator indicates
better performance characteristics for the second
demodulator than the corresponding one of the quality
metrics associated with first demodulator, and selects
the second demodulator when the counter exceeds a
threshold.

31. A device comprising:

a plurality of demodulators; and

a demodulator selection module that analyzes multiple

quality metrics associated with each of the plurality of
demodulators to determine which of the demodulators 1s
operating with better performance characteristics and
selects the one of the demodulators that 1s operating with
better performance characteristics to demodulate
incoming signals;

wherein the demodulator selection module computes dif-

ferences between each of the quality metrics associated
with a first one of the demodulators and corresponding
ones ol the quality metrics associated with a second one
of the demodulators, sums the computed differences
over multiple samples of the metrics to obtain an accu-
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mulated quality metric difference, and selects the second
demodulator when the accumulated quality metric dii-

ference exceeds a threshold.

32. The device of claim 31, wherein the demodulator selec-
tion module compares the accumulated quality metric differ-
ence to a minimum threshold and sets the accumulated qual-
ity metric difference equal to the minimum threshold when
the accumulated quality metric difference 1s less than the
minimum threshold.

33. The device of claim 31, wherein the demodulator selec-
tion module compares each of the computed differences to a
maximum difference threshold and sets the computed difier-
ences that are greater than the maximum difference threshold
equal to the maximum difference threshold.

34. The device of claim 31, wherein the demodulator selec-
tion module compares each of the computed differences to a
negative minimum difference threshold and sets the com-
puted differences that are less than the negative minimum
difference threshold equal to the negative mimmum differ-
ence threshold.

35. The device of claim 31, wherein the demodulator selec-
tion module multiplies the accumulated quality metric difier-
ence by an update mode parameter that controls a demodula-
tor selection mode for selecting between the demodulators.

36. A computer program product comprising;:

a non-transitory computer-readable medium comprising
codes for causing at least one computer to:

analyze multiple quality metrics associated with each of
a plurality of demodulators to determine which of the
demodulators 1s operating with better performance
characteristics;

select the one of the demodulators that 1s operating with
better performance characteristics for a predeter-
mined consecutive number of quality metrics; and

demodulate incoming signals with the selected demodu-
lator,

wherein the codes for causing the computer to analyze
the quality metrics comprises codes for causing the
computer 1o:

increment a counter when one of the quality metrics
associated with a second demodulator indicates
better performance characteristics for the second
demodulator than the corresponding one of the
quality metrics associated with a first demodulator.

37. The computer program product of claim 36, wherein
the codes for causing the computer to analyze the multiple
quality metrics associated with each of the plurality of
demodulators further comprises codes for causing the com-
puter to analyze multiple types of quality metrics associated
with each of the plurality of demodulators to determine which
of the demodulators 1s operating with better performance
characteristics.

38. The computer program product of claim 37, further
comprising codes for causing the computer to associate a
weight with each of the different types of quality metrics to
produce a weighted average of the quality metrics.

39. The computer program product of claim 36, wherein
the codes for causing the computer to analyze the multiple
quality metrics associated with each of the plurality of
demodulators further comprises codes for causing the com-
puter to analyze multiple samples of at least one type of
quality metric taken at different times to determine which of
the demodulators 1s operating with better performance char-
acteristics.
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40. The computer program product of claim 36, further
comprising codes for causing the computer to:
switch demodulators in accordance with the selection; and
wait for a period of time after switching to the selected
demodulator before allowing another switch from the
selected demodulator.
41. A computer program product comprising:
a non-transitory computer-readable medium comprising
codes for causing at least one computer to:
analyze multiple quality metrics associated with each of a
plurality of demodulators to determine which of the
demodulators 1s operating with better performance char-
acteristics;
select the one of the demodulators that 1s operating with
better performance characteristics; and
demodulate incoming signals with the selected demodula-
tor;
wherein the codes for causing the computer to analyze the
quality metrics comprises codes for causing the com-
puter 1o:
compare each of the quality metrics associated with a first
demodulator with corresponding ones of the quality
metrics associated with a second demodulator;
increment a counter when one of the quality metrics asso-
ciated with the second demodulator indicates better per-
formance characteristics for the second demodulator
than the corresponding one of the quality metrics asso-
ciated with first demodulator; and
select the second demodulator when the counter exceeds a
threshold.
42. A computer program product comprising:
a non-transitory computer-readable medium comprising
codes for causing at least one computer to:
analyze multiple quality metrics associated with each of
a plurality of demodulators to determine which of the
demodulators 1s operating with better performance
characteristics;
select the one of the demodulators that 1s operating with
better performance characteristics; and
demodulate incoming signals with the selected demodu-
lator;
compute differences between each of the quality metrics
associated with a first demodulator and correspond-
ing ones ol the quality metrics associated with a sec-
ond demodulator;
sum the computed differences over multiple samples of
the metrics to obtain an accumulated quality metric
difference; and
select the second demodulator when the accumulated qual-
ity metric difference exceeds a threshold.
43. A device comprising:
using an antenna for recerving incoming signals;
means for analyzing multiple quality metrics associated
with each of a plurality of demodulators to determine
which of the demodulators 1s operating with better per-
formance characteristics;
means for selecting the one of the demodulators that 1s
operating with better performance characteristics for a
predetermined consecutive number ol quality metrics;
and
means for demodulating the incoming signals with the
selected demodulator,
wherein the means for analyzing increments a counter
when one of the quality metrics associated with a second

[

5

10

15

20

25

30

35

40

45

50

55

60

24

demodulator indicates better performance characteris-
tics for the second demodulator than the corresponding
one ol the quality metrics associated with a {irst
demodulator.

44. The device of claim 43, wherein the analyzing means
analyze multiple types of quality metrics associated with each
of the plurality of demodulators to determine which of the
demodulators 1s operating with better performance character-
1stiCs.

45. The device of claim 44, wherein the analyzing means
associate a weight with each of the different types of quality
metrics to produce a weighted average of the quality metrics.

46. The device of claim 43, wherein the analyzing means
analyze multiple samples of at least one type of quality metric
taken at different times to determine which of the demodula-
tors 1s operating with better performance characteristics.

47. A device comprising:

using an antenna for recerving mcoming signals;

means for analyzing multiple quality metrics associated

with each of a plurality of demodulators to determine
which of the demodulators 1s operating with better per-
formance characteristics;

means for selecting the one of the demodulators that 1s

operating with better performance characteristics; and
means for demodulating the incoming signals with the
selected demodulator;

wherein the means for analyzing compares each of the

quality metrics associated with a first demodulator with
corresponding ones of the quality metrics associated
with a second demodulator and increments a counter
when one of the quality metrics associated with the
second demodulator indicates better performance char-
acteristics for the second demodulator than the corre-
sponding one of the quality metrics associated with first
demodulator; and

the means for selecting selects the second demodulator

when the counter exceeds a threshold.

48. A device comprising:

using an antenna for recerving mcoming signals;

means for analyzing multiple quality metrics associated

with each of a plurality of demodulators to determine
which of the demodulators 1s operating with better per-
formance characteristics;

means for selecting the one of the demodulators that 1s

operating with better performance characteristics; and
means for demodulating the incoming signals with the
selected demodulator;

wherein the means for analyzing computes differences

between each of the quality metrics associated with a
first demodulator and corresponding ones of the quality
metrics associated with a second demodulator and sums
the computed differences over multiple samples of the
metrics to obtain an accumulated quality metric differ-
ence; and

the means for selecting selects the second demodulator

when the accumulated quality metric difference exceeds
a threshold.

49. The device of claim 43, further comprising means for
switching demodulators 1n accordance with the selection,
wherein the switching means waits for a period of time after
switching to the selected demodulator before allowing
another switch from the selected demodulator.
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